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(54) EXPOSING MASTER DISK FOR OPTICAL DISK AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To form plural kinds of pits varying in depth with good accuracy by a simple 
method. 

CONSTITUTION: This exposing master disk 10 has a substrate 52 having a flat surface 
52aa photoresist film 12 deposited on the surface 52a of this substrate 52 and many pits 
14 bored in this photoresist film 12 by exposing and developing. This photoresist film 12 
consists of two layers; photoresist films 121 122. The pits 14 include two kinds; PI 1P12... 
having the depth dl from the surface 12a of the photoresist film 12 to the photoresist 
layer 121 and pits P21P22... having depth d2 from the surface 12a of the photoresist film 
12 to the photoresist layer 122. Two kinds of the pits varying in the depths are easily 
formed on the optical diskby which writing of ternary data and increasing of the 
recording density thereof are made possible. 



CLAIMS 



[Claim(s)] 

[Claim l]In exposure original recording of an optical disc provided with a substrate 
which has the flat surfacea photoresist film laminated on the surface of this substrateand a 
pit of a large number drilled by this photoresist film by exposure and developmentSaid 
photoresist film consists of several photoresist layers from which sensitivity to 
wavelength of a light source for exposure differsExposure original recording of an optical 
discwherein a photoresist layer of this plurality is accumulated on order with said low 



sensitivity and said pit has the depth from the surface of said photoresist film to either of 
said two or more photoresist layers. 

[Claim 2]Exposure original recording of the optical disc according to claim 1 
characterized by having the difference in sensitivity of about 5 times or more as 
sensitivity which said two or more photoresist layers carry out to predetermined exposure 
light source wavelength. 

[Claim 3] In a manufacturing method of exposure original recording of an optical disc 
which drills many pits by laminating a photoresist film on the surface where a substrate is 
flatexposing this photoresist film by a laser beamand developing this photoresist filmBy 
accumulating several photoresist layers from which sensitivity to wavelength of said laser 
beam differs one by one from order with this low sensitivityA manufacturing method of 
exposure original recording of an optical disc choosing and exposing two or more light 
exposures which form said photoresist film and enable exposure of from the surface of 
this photoresist film to either of said two or more photoresist layers. 
[Claim 4] A manufacturing method of exposure original recording of the optical disc 
according to claim 3wherein said two or more photoresist layers have the difference in 
sensitivity of about 5 times or more as sensitivity to predetermined exposure light source 
wavelength. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacturing method of exposure 
original recording suitable for the densification of optical discssuch as CD-ROMin detail 
about the manufacturing method of the exposure original recording which becomes the 
origin of nickel La Stampa for optical disc production. 
[0002] 

[Description of the Prior Art] Drawing 6 is a sectional view showing the conventional 
exposure original recording. The conventional exposure original recording 50 is provided 
with the substrate 52 which has the flat surface 52athe photoresist film 54 laminated on 
the surface 52a of the substrate 52and the pit 56 of a large number drilled by the 
photoresist film 54 by exposure and development. 

[0003] Drawing 7 is a sectional view showing the manufacturing method of the exposure 
original recording 50. Firstthe photoresist film 54 is formed by applying photoresist to the 
flat surface 52a of the substrate 52 ( drawing 7 (1)). Nextthe photoresist film 54 is 
exposed by laser beam L. Therebythe portion with which laser beam L was irradiated 
among the photoresist films 54 serves as the photosensitive part 54a by a photochemical 
reaction ( drawing 7 (2)). Finallyby developing the photoresist film 54the photosensitive 
part 54a is removed and the pit 56 is drilled ( drawing 6) . 
[0004] 

[Problem(s) to be Solved by the Invention] In recent yearsthe densification of an optical 
disc has been demanded increasingly. It is possible to raise recording density by 
providing the pit which is two or more kinds from which the depth differs as a way stage 
of the densification. 



[0005]Howeverin order to provide two or more kinds of pits where the depth differs by 
conventional technologyexposure original recording must be produced by repeating 
processessuch as spreadingexposuredevelopmentetc. of photoresisttwo or more times. 
Thereforeit is difficult to take out desired process tolerance by an accumulated 
errordegradation of photoresistetc. accompanying the increase not only in a process being 
complicated extremely but a routing counter. 

[0006]thena method with the easy purpose of this invention — and it is accurate and is in 
providing exposure original recording which can form two or more kinds of pits where 
the depth differsand a manufacturing method for the same. 
[0007] 

[Means for Solving the Problem] In exposure original recording of an optical disc 
provided with a substrate which has the surface where exposure original recording 
concerning this invention is flata photoresist film laminated on the surface of this 
substrateand a pit of a large number drilled by this photoresist film by exposure and 
developmentSaid photoresist film consists of several photoresist layers from which 
sensitivity to wavelength of a light source for exposure differsA photoresist layer of this 
plurality is accumulated on order with said low sensitivityand said pit has the depth from 
the surface of said photoresist film to either of said two or more photoresist layers. 
[0008]Heremutuallypreferablysaid two or more photoresist layers are about 5 or more 
times as sensitivity to predetermined exposure light source wavelengthand also they are 
constituted so that it may have the difference in sensitivity of 10 times or more preferably. 
[0009]A manufacturing method of exposure original recording concerning this invention 
laminates a photoresist film on the surface where a substrate is flatln a manufacturing 
method of exposure original recording of an optical disc which drills many pits by 
exposing this photoresist film by a laser beamand developing this photoresist filmBy 
accumulating several photoresist layers from which sensitivity to wavelength of said laser 
beam differs one by one from order with this low sensitivitySaid photoresist film is 
formedand two or more light exposures which enable exposure of from the surface of this 
photoresist film to either of said two or more photoresist layers are chosen and exposed. 
[0010]Herepreferablyit constitutes so that said two or more photoresist layers may be 
about 5 or more times as sensitivity to predetermined exposure light source wavelength 
and also may have the difference in sensitivity of figures single [ about ] or more 
preferably mutually. 

[001 l]Exposure of a photoresist film in which it comes to laminate several photoresist 
layers from which sensitivity differs will form a photoresist layer exposed and a 
photoresist layer which is not exposed according to the light exposure. In this casesince a 
photoresist layer is laminated from the substrate side by order with low sensitivitya top 
[ photoresist layer / a certain ] will be exposed and under from that photoresist layer will 
be exposed. 
[0012] 

[Embodiment of the Inventionl Drawing 1 is a sectional view showing one embodiment of 
the exposure original recording concerning this invention. Hereafterthis embodiment is 
described based on these Drawings. Howeveridentical codes are given to drawing 6 and 
identical partsand explanation is omitted. The photoresist film 12 is expanded and shown 
compared with the substrate 52 on account of the graphic display. 
[0013]The exposure original recording 10 concerning this invention is provided with the 



following. 

The substrate 52 which has the flat surface 52a. 

The photoresist film 12 laminated on the surface 52a of the substrate 52. 

The pit 14 of a large number drilled by this photoresist film 12 by exposure and 

development. 

[0014]The photoresist film 12 has the two-layer structure of the photoresist layers 121 
and 122. Pit PI i in which the pit 14 has the depth dl from the surface 12a of the 
photoresist film 12 to the photoresist layer 121Phand -There are two kinds with the pit 
P21 which has the depth d2 from the surface 12a of the photoresist film 12 to the 
photoresist layer 122P22and — . Thereforepit nothingthe pit of the depth dl and the pit of 
the depth d2and the data of three values will be written in the exposure original recording 
10. 

[0015]the photoresist layer 122 consists of photoresist #1 (the tentative name and the 
following the same) or #2 which is the photoresist of g line specificationfor 
exampleand the photoresist layer 121 consists of photoresist #3 or #4 which is the 
photoresist of i line specificationfor example. All are the resist of a positive type and each 
photoresist #1 - #4 comprise the mixture of resina sensitizing agentand a solventas shown 
below. 

[001 6] The compound in which the resin which used novolac as the main ingredientsfor 
example used naphthoquinonediazide as the main ingredients at the sensitizing agentfor 
example is used for resinrespectively. As novolak resino-cresolnovolakm- 
cresolnovolakp-cresolnovolak or poly (4-hydroxy styrene)polyvinyl phenoletc. are used. 
2-diazoketoneorthodiazobenzoquinonean orthodiazonaphthoquinoneetc. are used for a 
sensitizing agent. 

[0017]The characteristic of photoresist changes with the molecular weight of the above- 
mentioned novolak resin or a sensitizing agentmolecular weight distributionratios 
occupied to gross weightetc. The data of the molecular weight of each photoresist #1 - 
#4etc. is illustrated to Table 1 . 
[0018] 
[Table 1] 



[00 19] In the upper tablethe resin content shows the ratio [ as opposed to / in a sensitizing 
agent content / resin weight for the ratio to the gross weight of photoresist Respectively, 
moreover — in an upper table — meta — for examplea metaisomerism object shows richly 
the purport of a total amount that it is contained not less than 70%andas for meta-rich 
+alphaa metaisomerism object shows the purport of a total amount that it is contained not 
less than 60%for example. 

[0020]Hereafterthe optical characteristic of above-mentioned photoresist #l#2#3and #4 is 
explained. Drawing 2 is a graph which shows signs measured about each of photoresist 
#1 of a substrate and g line specificationand photoresist #3 of i line specification that the 
transmissivity (%) of photoresist changes with exposure depending on the wavelength 
(nm) of the light source for exposure. From the measurement result of such 
transmissivitythe parameters A and B of each photoresist #l#2#3and #4 are called for. 
The parameter A is the optical density variation per [ by exposure of photoresist ] unit 



membrane thickness (Change value of optical density for a photoresist thickness unit)and 
the parameter B. It is the optical density per unit membrane thickness after the exposure 
(Optical density of bleached resin and photo-activity-compound). Calculation of the 
parameters A and B is generally based on a following formula. 
[0021] 

A = (1/d) and In [T(infinity)/T (0)] ... ** B=- (1/d) and In [T (infinity)] ... **[0022]Hereas 
for the thickness of photoresistand T (0)the transmissivity (Unbleachedtransmision) 
before exposure and T (infinity) of d are the transmissivity (Saturation bleached 
transmision) after exposure saturation. 

[0023]Parameter A/B in each photoresist #l#2#3and i line of #4 was calculated from the 
measurement result of the transmissivity of each photoresist as shown in formula 
****and drawing 2 . The value was 1.23/0.311. 22/0. 130.74/0.07and 0.94/0. 12respectively. 
The substrate used for measurement of transmissivity is 0.5-mm-thick melting silica 
glassand the thickness of each photoresist is 100 nm. 

r0024] Drawing 3 shows the result of having measured the light exposure (mJ 2 ) and the 
relation with the resist residual membrane (%) for every photoresistand shows the gamma 
value characteristic curve of each photoresist. A steep curve expresses the piece nature of 
photoresist with this graph. Each photoresist #l#2#3and the gamma value measured by 
the ultraviolet rays of #4 are 2. 102. 192. Hand Irrespectively. Since a horizontal axis 
shows a light exposureit turns out that the direction of photoresist #1 of g line 
specification and #2 is high sensitivity from photoresist #3 of i line specificationand #4. 
r00251 Drawing 4 shows the relation between the light exposure (mW) by the master 
writer (optical disc exposure device) which adopts a direct writing methodand the pit 
width (micrometer) formed by that cause for every photoresistand this graph expresses 
the exposure sensitivity characteristic of each photoresist. Photoresist differs 
[ specification / g line specification and / i line ] in about single figure exposure 
sensitivity so that clearly from the figure. Thereforeif the middle light exposure of the 
sensitivity of the photoresist of the specification of these both sides is set uponly the 
photoresist of g line specification will expose and the photoresist of i line specification 
will be exposed. 

[0026] Drawing 5 is an explanatory view showing the manufacturing method of the 
exposure original recording which is the 1 embodiment of this inventionand they are a 
sectional view in which drawing 5 (1) shows a photoresist application processa sectional 
view in which drawing 5 (2) shows an exposure processand a wave form chart in which 
drawing 5 (3) shows the light exposure in an exposure process. As shown in the figure 
(3)depending on the existence and its formation depth of a pita light exposure is divided 
into the three-stage of a zero light exposurethe light exposure land the light exposure 
2and is exposed. Hereafterthis manufacturing method is explained based on each figure 
of drawing 1 - drawing 5 . 

[0027]The substrate 52 comprises transparent glass. Firstphotoresist #3 or #4 of i line 
specification is applied to the surface 52a of the substrate 52and the photoresist layer 121 
is formed in it. Subsequentlyphotoresist #1 or #2 of g line specification is applied to the 
upper surface of the photoresist layer 121 and the photoresist layer 122 is formed. 
Therebythe photoresist film 12 of two-layer structure is formed on the substrate 52 
( drawings (1)). Thena PURIBE king is performed in 80 - 100 **. 
[00281 Drawing 3 shows that sensitivity differs greatly by photoresist #3 of i line 



specification and #4and photoresist #1 and #2 of g line specification. That isphotoresist 
#1 and #2 are exposed with a light exposure low about single figure as compared with 
photoresist #3 and #4and pit formation is attained so that clearly [ in drawing 4 ]. Thenas 
a light exposure by laser beam Lwhen the wavelength of lambda= 363.8 nm is used. The 
light exposure 2 of 1 .5-2.0 mW will be used for exposure of only the photoresist layer 
122 provided in the surface at exposure of the bilayer of the photoresist layers 121 and 
122 using the light exposure 1 of 0.15-0.2 mW. 

[0029]The surface of the photoresist film 12 is exposed one by one by laser beam 
Lchoosing either two kinds of exposure levels lor the exposure level 2 like drawing 5 (3) 
according to the pit depth to form ( drawing 5 (2)). Selection of this light exposure can be 
easily performed by changing the output intensity of laser beam L. Finallya phenomenon 
removes each exposed parts 21 1212221-224and the exposure original recording 10 
shown in drawing 1 is completed. 

[0030]The thickness of the photoresist layers 121 and 122 in this manufacturing method 
is set up so that the phase contrast of the regenerative signal may become the 
maximumwhen an RF signal is reproduced [ relation / of a tracking servo and an RF 
signal ]. When a near-infrared laser diode with a wavelength of about lambda= 800 nm is 
used with regards to the wavelength of the source of regenerated lightthis thicknesslf the 
total thickness is made into lambda/4 (the refractive index 1.5 of the substrate 52 is taken 
into consideration)i.e,130 nmthe photoresist layer 122 will be set to lambda / 8 - 
lambda/4i.e.65 nm - 130 nm. Or if the photoresist layer 122 is made into lambda/4i.e.l30 
nmthe total thickness will be set up lambda / 4 - lambda/8 i.e. near 130-195 nm. 
[003 1] As mentioned abovealthough this invention was explained based on the suitable 
embodimentExposure original recording of the optical disc of this invention and a 
manufacturing method for the same are not limited only to the composition of the above- 
mentioned embodimentand exposure original recording which performed various 
corrections and change from the composition of the above-mentioned embodimentand a 
manufacturing method for the same are also contained in the range of this invention. For 
exampleit may replace with the composition of the above-mentioned embodimentthree or 
more kinds of photoresist may be appliedthe photoresist film of the multilayer structure 
of three or more layers may be formedand three or more kinds of light exposures may be 
chosen and exposed according to the characteristic of these photoresist layers. 
[0032] 

[Effect of the Invention]As mentioned abovesince the photoresist film which consists of 
several photoresist layers from which the sensitivity to an exposure light source differs 
was accumulated on order with this low sensitivity one by one according to this invention 
as explainedBy choosing the light exposure according to desired pit depththe pit of two or 
more kinds of depth can be formed with simply and sufficient accuracy by one exposure. 
By recording the pit data of such a multiple value on an optical discthe optical disc which 
makes high density recording possible is easily and cheaply producible. 
[0033]If the difference in sensitivity to the exposure light source between each 
photoresist constitutes so that it may be about 5 or more times or 10 or more timestwo or 
more kinds of pits where the depth differs can be especially formed in good accuracy. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a sectional view showing one embodiment of the exposure original 
recording concerning this invention. 

[Drawing 2] It is a graph which shows the result of having measured the transmissivity of 
the substrate used for the exposure original recording of drawing l and photoresist before 
and after exposure. 

[Drawing 3] It is a graph which shows the measurement result of the gamma value 
characteristic curve of each photoresist used for the exposure original recording of 
drawing 1 . 

[Drawing 4] It is a graph which shows the exposure sensitivity characteristic by the 
master writer of each photoresist by which specification is carried out to the exposure 
original recording of drawing 1 . 

[Drawing 5] It is an explanatory view showing the manufacturing method of the exposure 
original recording of drawing l and they are a sectional view in which drawing 5 0) 
shows a photoresist application processa sectional view in which drawing 5 (2) shows an 
exposure processand a wave form chart in which drawing 5 (3) shows the light exposure 
in an exposure process. 

[Drawing 6] It is a sectional view showing the conventional exposure original recording. 

[Drawing 7] It is an explanatory view showing the manufacturing method of the 

conventional exposure original recordingand they are a sectional view in which drawing 

7_(1) shows a photoresist application processand a sectional view in which drawing 7 (2) 

shows an exposure process. 

[Description of Notations] 

10 Exposure original recording 

12 Photoresist film 

121 122 photoresist layers 

14Pl,Pl 2 P2,and P2 2 pit 

52 Substrate 

52a The surface of a substrate 
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5, 7* hU-77M 3X«#4fr6&£ 0 &7*I-U 
-77. h # 1 ~# 4«\ J-XTKjjVr J: 3 fc» fBjftfc/tfys 
(DU-77hT\ &U\ 

[0 0 16] fll*.«/#5y*«±J«#fc 
LfctBBft BJfcMlCtt* 0J;l«*7h*/V-77'-7K 

BBtLTtt. o-*H/-/l//#5y*, m-7U^ 
-jU>M«5v*» p-9U».7-Jk/#7y9. «M4, 

#y (4-tK*-77^u» , #ye-;U7x/->u 
Wfflt^sh*. s/c, sysnictts 2-: 97?* v 

[0 0 17] ±K/*7'y*«B#«fl£8!l©»?B» » 
&U\ BSB(c£i6«lfc*«(cJ:y. 7*h 
Uv>"7 KDfttttfg&So £7* h h # 1 ~# 4 

[0 0 18] 
[SI] 





# 1 


# 2 


# 3 


# 4 






e & 


i m 


i & 


I" 


7000 


7000 


50 00 


3 5 00 




A' 7»*f. 


A* J'M 








3 0 


2 0 


2 5 


2 0 






V yr7xtv 


rvf 

V >v* 7i/> 


a" yv* 7 t /y + 
7>fV r)'7t/j 




700-800 


700-800 


700-800 


700-S00 




a o 


2 0 


2 5 


2 5 



[0 0 19] ±Blcfc^T. U-7V^fi». 7* fct^Tx /*'Jy*£tt» WiUt* * Btt(**WH«© 7 



(4) 



ftH 3 F8-22 75 38 



[0 0 2 0] «T, ±&7* hU-7Xr-# 1, #2, # 
3, #4(Wfc¥«1tttK"3l*TBW!T*. EI2ti, S 
*5, gHSH±»ro7* h U-77. h # K i Utttt© 

7 * h u-7x h # 3 (co^raue Lfcv m%m% 

SQ&fi (nm) tCfc£LTSfttC<fcy7*hU-77r-<D 
Sil* (%) *^b-T5« : ?^^-r^57T'»^. £0 
<fc 5ftaj8*OillStS*fr 6» §7 * h h # 1 , 
#2. #3, #4(0/\°5y— 5»A, B ##466*13. 

A= (1/d) • I n (T (oo) /T 
B = - (1/d) -In [T (oo) ) 
[0 0 2 2] CZT\ dti7* hl/^hOM. T 
(0) tiSfttuCOjiiS* (Unbleachedtransmision) , 
T (oo) ltm%mQ&Om®m (Saturation bleached 
transmision ) T*&5o 
[0 0 2 3] it<D, ©StfEUtc^LfcJ^fc^* h 
U-77 h<0Sjfl*©SISieS)t> x 6, &7 * h h # 
1, #2, #3. Btf, #4© iflllC£lt«/«7y— 5i 
A/B £*«>/-c 0 *<DfiIti, 1.23/0.31, 1.22/ 

0.13, 0.74/0.07, Stf, 0.94/0.12 T'&oTc, 
SiA*O9ll£(Cffi^^Se»Ji«0. 5mm ©?S14-> y tj15 
&7* h KDKHli100nmT$i.o 
[0 0 2 4] EI3ti, (mj2) &U3?ZhBDI 

(%) t(DHS«£&7 * h hftlCHSLfegJUr 
m-rt<0T\ S7* hU-7XKDyfil^14*-7^L 
TUi. Z©?57T*H, *(«:*-7tf7*hU^ 
hCD^ni45-S-r. £7* hU-7Xh# 1, #2, # 
3, Rt>\ #40St*M8Taj6LfcK«tt» £4, 2.1 
0, 2.19, 2.14, &t>\ 1.58?**. $7c, MMtfBtt 
SCqtrC^frS. gJgtt«<D7*KUv' , 7xh#1, # 
2CD£tf, i$gtt«E>7* hUv>Xh#3, #4<fcUt 

[0 0 2 5] El4ti, MMtKS*SJBT*7yl*-5 
<f*- GfcT-r tCcfc^&ftg (mW) 

£, *ft(c*yjBa*ti*ty HI (jum) £<DW&£ 
£7* h h«lC^"rt>©T\ C<D?57ti, §7 

^5frJS:<fc3lC, 7*hUv > 'Xhli, g&lttHli: i Utt 
«£THiiSft!i&JtJb ,{ -«T*iJgS&*. L/cA^T, Cft 
65R^Of±«fl)7* h Uv>X h0S£«>*naBftft« 
iSSr^i, g*lttl$0>7* h ^*«L 
i Jgtt«l<Z)7* h Mi«3fcLft^E <!:U:&* 0 
[0026] El 5 its *%w<D-nm<DBMT<&zm% 
IMIOBBS*S6*wrKWHT*y. 0 5 (1) #7* 
hU-7XhMfliIfI£ijVrift®Ek El 5 (2) tfSftl 

a**r»iiBk ei 5 o) &mxxm\asiizmxm 
Z7atmwMT'&z. mm (3) izmt&oic* 

B, Bftffi 1X^5^203 SPStctftfcTSftLT^ 
5. WT, EI1~EI5 0&lH;:S-3lvc:, *8lit^* 



%rcVtDft&mm&it& (Change value of optical de 
nsity for a photoresist thickness unit) TJjU, K 

=7 * — s» b ti, zvmmivmwm^ y ©jt^as 

(Optical density of bleached resin and photo-act i 
vity-compound) $A, B ©Wititi, 

[002 1] 
(0) ) • • -0 

• • •© 

[0 0 2 7] «tS5 2«2E£#77fr6J5££o **\ 
S1S5 2©g®5 2atC, i «£tt8S©7 * h h # 
3Xti#4^m^LT, 7* hk>7hI1 2 1 
?*. *tvp, 7^- h hll 2 1 ©±EK, gta 
tt<*©7* hU-77h# 1Xti#2£Mfl5LT, 7th 
Uv>'XhJI1 22£fl5fi£?-*. CtllCcfey, 2Jf*ti£© 
7 * h US 1 2 tfgffi 5 2 JztCJKfiJt* ft* (El 5 

(1) ) . iS^T, 7y<-*>-7*£80~100 'CtCTff 

[002 8] E)3fr«3, i«tt«©7*H/$>*h#3 
St>'#4^, g*ltt«07*Hx-77K#iaif#2i 
T'ti, «Sttf**<Ba*Ci:tfW5. r^t)-6, El 4 
T'B^6*^<J:51C, 7*hL/-7Xh#1R0 : #2«, 7 

s^aiCcty^LTtr-y h^js^qrig(z»«. *z. 

X\ ly—yyiLlC&ZmXmtLTits SSftA=363.8n 

m zm^tctzicits mmicmte>tiT^%7* hi/^ 

X hl1 2 2<D*0S) l 6l::»*O. 15~0. 2mWtf)SJtft 1 

7* h hi 1 2 1 , 12 2<D-H<0B#U: 
til. 5 ~2.0mW<Dil7 , cM2 5ffll,^C: 1 !:tC-r5„ 
[0 0 2 9] E15 (3) OJ;5tc, «i«r*fcf-y 
tCESUT^aS^SydU^b 1 Xti&ttUA;;U2<D^r 
ftft s ^fRL^fl«6, 7* hU-77hfli1 2tDg®^, 
U— WfcL?K*«3W* (El 5 (2) ) . CCDBita 

y, §^tct7-5C<i:6W5 0 §^tc, mmz&?T& 
^3"cSP^ 2 11. 2 12, 2 2 1~2 2 4£&2jLT, 

ei 1 tc^ Ltdmmm 1 o 6^fiE-rso 

[0 0 3 0] *SSjt^tCfctt*7* h U-^X hH 1 2 
1, 12 2^/fti, h^-y + v^- ^SlfRFft^ 

fit*is^ft*tc^*<featcas-r*, coisiitis^T'c 

•^Oifift tcM^ L, «!IAtf ifift A =800nmSJtOjfi#^ 
U-^< Kfcffl^/cliSlCti, ^HJf^A/4-r 
^•6l30nm (S«5 2<7)BJfr*1. 5 ^#lf) t?Z 
ts 7* hL/-7Xr-11 22^A/8~A/4, Tfcfc 
■565nm~130nm (CiSSr*. aUtHi, 7*hU-77.M 
1 2 2£A/4?£fo-5130nm if^i:, i^SJISA/ 
4~A/8, -T^te-6130 ~195niM\tifitCiSS'r?>, 
[003 1] J-X±, *58^**<D»aaHS8^88t=S 



(5) 



ftffl¥-8-2 2 7 5 3 8 



[00 3 2] 

-a©B3tt-pBJ|iti"3««a<««T**. Jtx-r 

*y, iU©lfI3tl£prt&i:t*ftx-r*?*gifroa 

[0 0 3 3] §7* h hffi5<DSfttt;®K*t-f 5 

7fcfl&ST*£. wcftffftnar?, as?)bWj:5t7 



[02] 0 1 <DSit^ffili:<Iffl^ti5S«S0 : 7* h U 
7?a&S„ 

[03] ei 1 <r>m%WM\t^mi£^^y * v u-7x h 

[04] 01 ©S^JIffilCtt«*n«S7* h U5>Z h 
<D^?X 7 < * -K * *B««fiE»tt*Sr ^ 5 7 T* 

[051E1 ©sjtnsi©»ji^^Tx-ri»W0T*s 
y, 05 d) tf7*hu^xha*i8*3?rwffl 

0s 0 5 (2) #B%X8*3tt-ffnm 05 (3) 

[06] aa?©B«isfii*^-rBfE07«*. 
[07] «£3R©Bjtissa©»ii75a£5^-rittW0T-« 

y> 07 (1) #7* hU$>XhB*Ill*w*BrHI 

0, 07 (2) hmftJLWz*?wmm:'ib%« 
1 o mum®. 

12 7*hU5>Xh« 

1 2 1, 1 22 7* h US'* Ml 

1 4, P 1 1 , P 12 x P 21 , P 22 tf-> h 

5 2 Sffi 

5 2a S«C0aS 



11] 



[06] 



dl d2 



.VUtfvH 



PI, P2, P1 2 P2 Z 



-52 (WD 



3 

56 56 52a 56 56 / 




52a 



(6) 



^¥8-2 27 5 3 8 



[B2] [H3] 




Btt» (mW) 



(3) 



.- i 



P2,Jfc£ | — | 
4, 



(7) WHT8-2 2 7 5 3 8 




(2) 




52a 



